The thermoreflectance spectrum of LiF between 12 and 30 eV was measured and several of the structures interpreted. The absorption-edge region is interpreted in terms of a Wannier exciton series converging to the fundamental band gap Γ15→Γ1. Structure associated directly with the band gap is not manifest, so the Γ15−Γ1 energy is determined indirectly to be 14.2 ± 0.2 eV. The n=1 exciton state generates the first strong structure in Δε̃ and we suggest that the exciton-phonon interaction, along with a central-cell correction, can give a significant contribution to its binding energy. Structures at higher energy have been associated with the interband transitions L3′→L1 and L2′→L1 between the crystal-field-split valence band at L and the lower conduction band. The strong electron-hole interaction modifies the expected line shape and a hyperbolic exciton, associated with the transitions at L, may exist as an antiresonance in the continuum. A strong feature at 22.2 eV in Δε̃ is associated with excitonic transitions at X involving the second d-like conduction band. The corresponding peak at 26.4 eV in Δ[Im(−1ε̃)] overlaps the "valence-band" plasmon at 24.6 eV. 
I. INTRODUCTION
LiF has its absorption edge at very high energy and is used as a window in far-ultraviolet spectroscopy to separate the sample chamber from the rest of the optical instrumentation.
The study of its optical properties was delayed until rather recently, when windowless optical systems had been devel. oped along with light sources emitting in the far ultraviolet up to 400 A. Since then, the ref lectivity ' ' and the absorption" of LiF have been measured by several groups, at first using line sources, ' " then recently using the synchrotron-radiation continuum. ' The optical data have been augmented by electron energy-loss (EEL} experiments. ' " Thus the spectrum of electronic transitions is fairly wel. l known. The &~spec-trum ' ' (where e, is the imaginary part of the dielectric function 8= e, + a, } shows a strong narrow peak at 12.6 eV, just above the absorption edge, fol.lowed by three broad bands at 14. 5 10 '. On the other hand, at 0.1 Hz the temperature modulation was much larger and allowed us to extend the measurements to higher energies, where the light intensity was too small to use the lock-in. The average temperature at which the spectra were recorded was 200-250 K.
In Fig. 2 we display the TR spectra measured on a single crystal at 1.6 Hz (solid line) and on a thin film at 0.1 Hz. Except for the different intensities ' ' we see that the feature between 12 and 14.5 eV corresponds to the exciton peak at 12.7 eV (Fig. 1) In LiF the electron-hole interaction is strong and modifies the one-electron picture as discussed in Sec. IV. An excitonic transition, associated with the band minimum X"could be responsible for the observed features as well. Watanabe et pl. ' have found the the energy of the X3 exciton observed in the other alkali fluorides is linearly related to the inverse of the lattice constant. Extending this relationship to LiF, the exciton should be at 21 eV, a little lower than the experimental structure in &&, at 22.2 eV. Similarly, we can interpret the structure at 24.6 eV as the exciton associated with the X4-X, gap. Most of the arguments used to identify the peak at 21.7 eV in c, with transitions at X are still. valid. In the present case, the calculated interband gap X, '-X3 is in closer agreement with experiment, which now gives the energy of a bound state below the continuum. The width of the exciton line in LiF is rather large. But the exciton energy is very close to the top of the conduction band, and this provides a strong decay mechanism. The lower X, is with respect to I', the sharper the exciton line should appear. This trend seems confirmed by the spectra of other alkali halides. "'"'"
The energies of the longitudinal resonances are given by the peaks in the energy-loss function Im[ -I/e(q, &u)j. In the following we shall compare EEL data with optical data so that we shall assume the limit of negligible transferred momentum q for the former. From the spectra of e, &c"
and &&, we also calculated the TM differential electron energy-loss function &L shown in Fig. 7 for LiF. This spectrum is characterized by two main features, the first at 13.5 eV and the second at 25 eV. A weaker negative peak appears at Fig. 3 for the exciton region. The dashed curve corresponds to the contribution given by the &=1 exciton state only. The dotted curve around 25 eV was obtained from the calculated && shown in Fig. 3 (dotted line) Fig. 7 . The calculated 4L for the first exciton state only, which gives a structure separated from the higher members of the series in «"has a dispersionlike line shape crossing zero at 13.5 eV (dashed line in Fig. 7 ). This result is expected since it derives from the thermal shift of the n = 1 line. Fig. 7) . The "strength" of the negative peak at 15.7 eV supports the suggestion of an excitonic effect in this region. The exciton manifests itself as an antiresonance in the continuum rather than as a peak. The antiresonance may be considered as a peak with a negative effective oscillator strength3' which, introduced into Eq. (6) be the subject of some controversy. The value given here is in much better agreement with the theoretical one obtained with ab initio calculations"'" than the previous value. ' ' 
